TITLE OF THE INVENTION 
RADIATION THERAPY TREATMENT PLANNING MACHINE 



BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a radiation therapy treatment planning (hereafter 
referred to as RTP) machine to plan for cancer treatment with radiation therapy. The present 
invention more specifically relates to an RTP machine preferably used for treatment planning in 
cases where radiation is applied while changing the radiation field by a multileaf collimator. 

Description of the Related Art 

[0002] Radiation therapy is one method of cancer treatment utilizing radiation. In radiation 
therapy it is preferable that high radiation dosage is irradiated on the target, and radiation dosage 
as low as possible is irradiated on organs other than the target. Therefore, a treatment plan is 
necessary for applying radiation therapy. A machine to deliver this treatment plan is referred to as 
an RTP machine. 

[0003] Fig. 6 is a perspective view showing the constitution of a radiation therapy treatment 
machine called a linear accelerator (hereafter referred to as linac). The linac includes a gantry 61, 
a collimator 62, a rotation shaft 64 for the gantry 61, a couch 65, and a rotation shaft 66 for the 
couch 65. Gantry 61 incorporates a beam source in its head, and rotates about rotation shaft 64 in 
the directions indicated by arrow A in the drawing. Collimator 62 is connected with the head of 
gantry 61, and rotates in the directions indicated by arrow B in the drawing. Collimator 62 
incorporates a multileaf collimator, and the radiation ray from the radiation source inside gantry 

61 is masked to any field shape, and then, irradiates toward couch 65. Couch 65 is utilized to 
support the patient, and rotates about couch rotation shaft 66 in the directions of C in the 
drawing. Couch rotation shaft 66 coincides with a vertical line in a state where collimator 62 is 
facing downward. In general, the gantry angle 0 degrees is defined in the linac when collimator 

62 is facing directly downward, and the angle increases clockwise. Fig. 7 shows where the 
gantry angle is 0 degrees. In general, a linac can rotate from 1 80 degrees to 1 80 degrees passing 
through 0 degrees. When the radiation ray irradiates the target, it is necessary to irradiate from a 
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direction that avoids critical organs such as the eyeball and the spinal cord by changing the gantry 
angle, the collimator angle, and the couch angle. 

[0004] Fig. 7 is a perspective view showing the construction of a multileaf collimator (hereafter 
referred to as MLC). In this drawing, the MLC includes upper jaws 71, lower jaws 72, and 
leaves 73. Upper jaws 71 move to open and close in directions indicated by arrows LI and L2. 
Lower jaws 72 include a number of leaves 73, and move to open and close in directions Wl and 
W2. The individual leaves 73 move independently to alter the radiation field shape. The 
intersection between gantry rotation shaft 64 and a perpendicular line extending down from the 
beam source is referred to as an isocenter. A plane which has this isocenter as a center is in line 
with the gantry rotation shaft 64, and crosses at right angles with a perpendicular line extending 
down from the gantry head is referred to as an isocenter plane. An isocenter is often used as a 
reference point for dosage calculation, and a beam usually irradiates such that the center of the 
target would be at the isocenter. The field shape of radiation usually refers to this shape on the 
isocenter plane. 

[0005] Fig. 8 shows a sectional view representing the radiation field on the isocenter plane 
formed by the MLC. The drawing indicates the upper jaws 71, the lower jaws 72, the location of 
the pointed radiation beam source 85 of the linac, the isocenter plane 86, the center axis of the 
radiation beam 84, and the radiation field 87. The beam emitted from beam source 85 forms 
radiation field 87 on isocenter plane 86, blocking the ray by using upper jaws 71 and leaves 73 of 
lower jaws 72. 

[0006] The radiation therapy technique, where the isocenter is positioned inside the patient's 
'* body and irradiates with a fixed gantry, is referred to as the SAD technique. The radiation 
therapy technique, where the isocenter is positioned on the patient skin, is referred to as the SSD 
technique. The radiation therapy technique, which irradiates the target while the gantry is 
rotating, is referred to as rotational therapy. The isocenter is usually positioned inside the 
patient's body with the rotational therapy. The radiation therapy technique, where the radiation 
field matches the target shape with the fixed gantry, is referred to as irregular field radiation 
therapy. In addition, the radiation therapy technique, which irradiates with fixed beams while the 
gantry angle switches, is referred to as irregular field multi-beam radiation therapy. The radiation 
therapy technique, where the radiation field formed by the MLC matches the target shape by 
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adjusting the leaf positions while the gantry is rotating to concentrate radiation on the target, is 
referred to as conformal therapy. 

[0007] Fig. 9 shows how the radiation field shape of conformal therapy changes during the 
gantry rotation. Reference number 91 indicates the radiation field shape when the gantry angle is 
2 1 6 degrees, reference number 92 indicates the radiation field shape when the gantry angle is 288 
degrees, reference number 93 indicates the radiation field shape when the gantry angle is 0 
degrees, reference number 94 indicates the radiation field shape when the gantry angle is 72 
degrees, and reference number 95 indicates the radiation field shape when the gantry angle is 1 44 
degrees. Conformal therapy is a method to rotate the linac beam source around the target, and 
simultaneously, to adjust the positions of the MLC installed at the beam source of the radiation 
ray so as to form the radiation field to correspond with the shape of the affected part. Actual 
examples to generate MLC positions from a target shape are disclosed in the Japanese Patent 
Application Publication HO 1-2 14343, Japanese Patent Application Publication H08-13 1566, and 
others. 

[0008] The following section briefly describes how to generate the MLC positions. Computer 
Tomography, CT, images are examined to diagnose the location and the shape of the cancer. The 
CT images are used to confirm the location of the affected part in three dimensions by examining 
images usually at intervals of 1 cm around the affected part of the patient. Then, the contours of 
the affected part namely the cancer are extracted from this group of the CT images. For 
conformal therapy, the MLC leaf positions are usually calculated from contours which are 
extracted from the CT images projected in two dimensions seen from the gantry angle with a 
certain width of margin processing. In other words, while the gantry is rotating and irradiating, 
the shape of the cancer at the gantry angle is changing so that the leaves are being moved to fit 
the changes so as to alter the radiation field to dose radiation to the cancer effectively and to 
avoid irradiating to normal tissue as much as possible. This calculation for the MLC leaf 
positions is conducted by a Multileaf-Collimator-Position-Calculation-Unit. 

[0009] IMRT is one type of irregular field multi-beam radiation therapy which has been utilized 
recently. IMRT is an abbreviation of Intensity Modulated Radiation Therapy, and is one radiation 
therapy technique used to modulate the beam intensity to irradiate unevenly in order to distribute 
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optimal dosage. Actual examples of this beam intensity modulated radiation therapy are the step- 
and-shoot method and the sliding-window method. 

[0010] Fig. 10 is a drawing showing the radiation field shapes by the MLC of the step-and- 
shoot method. In this drawing, reference numbers 101a 5 101b, 101c, and lOld are segments of 
the radiation field shapes when the gantry angle is 216 degrees, reference number 102 indicates 
the radiation field shape when the gantry angle is 288 degrees, reference number 103 indicates 
the radiation field shape when the gantry angle is 0 degrees, reference number 104 indicates the 
radiation field shape when the gantry angle is 72 degrees, and reference number 105 indicates the 
radiation field shape when the gantry angle is 144 degrees. The step-and-shoot method is 
conducted as one irregular field multi-beam radiation therapy. The radiation field shapes at each 
angle consist of multiple radiation fields where the MLC forms discretionary shapes referred to 
as segments. In this example, four segments are used for each radiation angle, and each segment 
accumulates radiation dosage by turning the beam on and off. In the example in Fig. 10, where 
the gantry angle is 2 1 6 degrees, irradiation is provided with four patterns as segment 101a, 101b, 
101c, and lOld. At other gantry angles, irradiation is similarly provided with different shapes of 
radiation fields at multiple times, and each dosage is accumulated in order to distribute optimal 
dosage. 

[0011] Fig. 11 is a drawing showing the MLC radiation field shape of the sliding window 
method. In this drawing, reference number 111 indicates the radiation field shape when the 
gantry angle is 216 degrees, reference number 112 indicates the radiation field shape when the 
gantry angle is 288 degrees, reference number 113 indicates the radiation field shape when the 
gantry angle is 0 degrees, reference number 114 indicates the radiation field shape when the 
gantry angle is 72 degrees, and reference number 115 indicates the radiation field shape when the 
gantry angle is 144 degrees. 

[0012] The sliding window method is conducted as one type of irregular field multi-beam 
radiation therapy, and irradiates with beams, the intensity of which are modulated by the MLC 
which continuously moves while irradiating. Reference numbers 111, 112, 113, 114, and 115 
show how the MLC leaf positions change. In contrast to the step-and-shoot method, the beam is 
not turned on or off during one irradiation. This irradiation is conducted from each irradiation 
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direction (gantry angle). This method is to distribute the optimal dosage by accumulating each 
series of irradiation at each angle with moving and controlling the MLC. 

[0013] An RTP machine is constituted of hardware equipment such as a computer main unit, a 
keyboard, a monitor, a scanner, a printer, and software to control them. It plans how to operate 
the linac based on methods such as the aforementioned different types of radiation therapy, and 
creates data to control the gantry angle, the collimator angle, the MLC positions, the couch angle, 
the radiation dosage, and others. The created data is input into a linac, which operates according 
to the data, and a radiation therapy is provided as planned by the RTP machine. 

[0014] In conformal therapy and IMRT sliding window method, the leaf positions change 
during the irradiation. An MLC is constituted of a number of metal leaves, and the individual 
leaves are driven by motors to control their positions. Therefore, when the leaves move, the leaf 
motion speed is limited by the motor revolution speed limit, and the leaf motion acceleration is 
also limited by the leaf momentum and the motor torque. When MLC leaf motion speed or 
acceleration exceeds the tolerance and then a leaf positioning error has occurred due to going 
over the acceptable range, the linac usually detects an error and deactivates itself. Though there 
are some types of linacs which are capable of resuming after the MLC positioning has been 
completed, in general the operator has to reset the treatment parameters according to the 
deactivated status. In either case, since radiation output of a linac cannot rise quickly, there 
would be an error with the treatment plan. In case of a pneumatic drive or a hydraulic drive to 
control the MLC, there would still be a speed and torque limit as with the motor drive. 

SUMMARY OF THE INVENTION 

[0015] The objective of the present invention is to devise an RTP machine which is capable of 
generating data reflected by the MLC leaf limits of the motion speed and acceleration. 

[0016] The present invention provides a radiation therapy treatment planning machine for use 
with a multileaf collimator. In one aspect of the present invention, the machine comprises: a 
Multileaf-Collimator-Position-Calculation-Unit operable to generate multileaf collimator leaf 
positions as a time series; a Motion-Speed-Calculating-Unit operable to calculate leaf motion 
speed based on the generated time series leaf positions; a Motion-Speed-Limit-Establishing-Unit 
operable to establish a motion speed limit of the leaves; and a Motion-Display-Unit operable to 
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indicate leaf motion information and to indicate the motion information of an area where the 
calculated motion speed exceeds the established motion speed limit. 

[0017] In one embodiment of the above aspect, the Motion-Speed-Limit-Establishing-Unit 
comprises a Motion-Speed-Limit-Inputting-Unit operable to input a motion speed limit of the 
leaves as the established motion speed limit. Further the machine can comprise: a Motion- 
Acceleration-Calculating-Unit operable to calculate leaf motion acceleration based on the time 
series leaf positions generated by the Multileaf-Collimator-Position-Calculation-Unit; and a 
Motion-Acceleration-Limit-Inputting-Unit operable to input a motion acceleration limit of the 
leaves, wherein the Motion-Display-Unit is further operable to indicate the motion information of 
an area where the calculated motion acceleration exceeds the inputted acceleration limit. 

[0018] In another embodiment of the above aspect, the Motion-Speed-Limit-Establishing-Unit 
comprises a Motion-Speed-Limit-Setting-Unit operable to set a predetermined motion speed limit 
of the leaves as the established motion speed limit. Further the machine can comprise: a 
Motion-Acceleration-Calculating-Unit operable to calculate leaf motion acceleration based on the 
time series leaf positions generated by the Multileaf-Collimator-Position-Calculation-Unit; and a 
Motion-Acceleration-Limit-Setting-Unit operable to set a predetermined motion acceleration 
limit of the leaves, wherein the Motion-Display-Unit is further operable to indicate the motion 
information of an area where the calculated motion acceleration exceeds the predetermined set 
acceleration limit. 

[0019] In another embodiment of the above aspect, the machine can further comprise: a 
Motion-Acceleration-Calculating-Unit operable to calculate leaf motion acceleration based on the 
time series leaf positions generated by the Multileaf-Collimator-Position-Calculation-Unit, 
wherein the Motion-Display-Unit is further operable to indicate the motion information of an 
area where the calculated motion acceleration exceeds a motion acceleration limit. 

[0020] In another aspect of the present invention, the machine comprises: a Multileaf- 
Collimator-Position-Calculation-Unit operable to generate multileaf collimator leaf positions as a 
time series; a Motion-Speed-Calculating-Unit operable to calculate leaf motion speed based on 
the generated time series leaf positions; a Motion-Speed-Limit-Establishing-Unit operable to 
establish a motion speed limit of the leaves; and a Leaf-Position-Correction-Unit operable to 
correct the leaf positions of an area, where the calculated motion speed exceeds the inputted 



motion speed limit, in order for the leaf motion speed to be equal to or less than the established 
motion speed limit. 

[0021] In one embodiment of the above aspect, the Motion-Speed-Limit-Establishing-Unit can 
comprises a Motion-Speed-Limit-Inputting-Unit operable to input a motion speed limit of the 
leaves as the established motion speed limit. Further the machine can comprise a Motion- 
Acceleration-Calculating-Unit operable to calculate leaf motion acceleration based on the leaf 
positions corrected by the Leaf-Position-Correction-Unit; and a Motion- Acceleration-Limit- 
Inputting-Unit operable to input a motion acceleration limit of the leaves, wherein the Leaf- 
Position-Correction-Unit is further operable to correct the leaf positions of an area, where the 
calculated motion acceleration exceeds the inputted acceleration limit, in order for the leaf 
motion acceleration to be equal to or less than the inputted acceleration limit. In any event, leaf 
positions can be corrected toward a direction to widen the radiation field shape when the Leaf- 
Position-Correction-Unit corrects the leaf positions of an area where the calculated motion speed 
exceeds the inputted motion speed limit in order for the leaf motion speed to be equal to or less 
than the inputted motion speed limit. Alternatively, leaf positions can be corrected toward a 
direction to narrow the radiation field shape when the Leaf-Position-Correction-Unit corrects the 
leaf positions of an area where the calculated motion speed exceeds the inputted motion speed 
limit in order for the leaf motion speed to be equal to or less than the inputted motion speed limit. 

[0022] In another embodiment of the above aspect, the Motion-Speed-Limit-Establishing-Unit 
can comprise a Motion-Speed-Limit-Setting-Unit operable to set a predetermined motion speed 
limit of the leaves as the established motion speed limit. Further the machine can comprise: a 
Motion-Acceleration-Calculating-Unit operable to calculate leaf motion acceleration based on the 
leaf positions corrected by the Leaf-Position-Correction-Unit; and a Motion-Acceleration-Limit- 
Setting-Unit operable to set a predetermined motion acceleration limit of the leaves, wherein the 
Leaf-Position-Correction-Unit is further operable to correct the leaf positions of an area, where 
the calculated motion acceleration exceeds the predetermined set acceleration limit, in order for 
the leaf motion acceleration to be equal to or less than the predetermined set acceleration limit. 
In any event, leaf positions can be corrected toward a direction to widen the radiation field shape 
when the Leaf-Position-Correction-Unit corrects the leaf positions of an area where the 
calculated motion speed exceeds the predetermined set motion speed limit in order for the leaf 
motion speed to be equal to or less than the predetermined set motion speed limit. Alternatively, 



leaf positions can be corrected toward a direction to narrow the radiation field shape when the 
Leaf-Position-Correction-Unit corrects the leaf positions of an area where the calculated motion 
speed exceeds the predetermined set motion speed limit in order for the leaf motion speed to be 
equal to or less than the predetermined set motion speed limit. 

[0023] In another aspect of the present invention, the machine comprises: a Multileaf- 
Collimator-Position-Calculation-Unit operable to generate multileaf collimator leaf positions as a 
time series; a Motion-Acceleration-Calculating-Unit operable to calculate leaf motion 
acceleration based on the generated time series leaf positions; Motion-Acceleration-Limit- 
Establishing-Unit operable to establish a motion acceleration limit of the leaves; and a Motion- 
Display-Unit operable to indicate leaf motion information of an area where the calculated motion 
acceleration exceeds the established acceleration limit. Still further, the Motion-Acceleration- 
Limit-Establishing-Unit can comprise a Motion-Acceleration-Limit-Inputting-Unit operable to 
input a motion acceleration limit of the leaves as the established motion acceleration limit. 
Alternatively, the Motion-Acceleration-Limit-Establishing-Unit can comprise a Motion- 
Acceleration-Limit-Setting-Unit operable to set a predetermined motion acceleration limit of the 
leaves as the established motion acceleration limit. 

[0024] In another aspect of the present invention, the machine comprises: a Multileaf- 
Collimator-Position-Calculation-Unit operable to generate multileaf collimator leaf positions as a 
time series; a Motion-Acceleration-Calculating-Unit operable to calculate leaf motion 
acceleration based on the generated time series leaf positions; Motion-Acceleration-Limit- 
Establishing-Unit to establish a motion acceleration limit of the leaves; and a Leaf-Position- 
Correction-Unit operable to correct the leaf positions of an area, where the calculated motion 
acceleration exceeds the established motion acceleration limit, in order for the leaf motion 
acceleration to be equal to or less than the established motion acceleration limit. Still further, the 
Motion-Acceleration-Limit-Establishing-Unit can comprise a Motion- Acceleration-Limit- 
Inputting-Unit operable to input a motion acceleration limit of the leaves as the established 
motion acceleration limit. Alternatively, the Motion-Acceleration-Limit-Establishing-Unit can 
comprise a Motion-Acceleration-Limit-Setting-Unit operable to set a predetermined motion 
acceleration limit of the leaves as the established motion acceleration limit. 
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[0025] The RTP machine, according to the present invention, is capable of having different 
functions to display and correct the leaf positions when either the speed or the acceleration 
exceeds the limit. In the present invention, when the leaf positions are corrected in order for the 
leaf motion to be equal to or less than the limit, there are two ways to correct the leaf positions: 
firstly toward a direction to widen the radiation field shape (to open the leaves) and secondly 
toward a direction to narrow the radiation field shape (to close the leaves). Which method is 
adopted depends on the case. 

[0026] The Multileaf-Collimator-Position-Calculation-Unit, the Motion-Speed-Calculating- 
Unit, the Motion-Speed-Limit-Inputting-Unit, the Motion-Speed-Limit-Setting-Unit, the Motion- 
Display-Unit, the Leaf-Position-Correction-Unit, the Motion-Acceleration-Calculating-Unit, the 
Motion-Acceleration-Limit-Inputting-Unit and the Motion-Acceleration-Limit-Setting-Unit are 
all functions which have been programmed into the software in the present invention. 

[0027] The Multileaf-Collimator-Position-Calculation-Unit is a function of the software to 
generate MLC leaf positions conventional publicly-known RTP machines. 

[0028] The Motion-Speed(Acceleration)-Calculating-Unit is a function of the software which 
calculates leaf motion speed (or acceleration) based on the time series leaf positions generated by 
the Multileaf-Collimator-Position-Calculation-Unit. 

[0029] The Motion-Speed(Acceleration)-Limit-Inputting-Unit is a function of the software 
which shows an input screen, lets an operator input the leaf speed (or acceleration) limit and sets 
the input value. 

[0030] The Motion-Speed(Acceleration)-Lim it-Setting-Unit is a function of the software which 
reads the speed (or acceleration) limit from the software itself - or from a parameter list - and sets 
the value. 

[0031] The Motion-Display-Unit is a function of the software to display at least the area where 
the leaf motion speed (or acceleration) calculated by the Motion-Speed(Acceleration)- 
Calculating-Unit exceeds the limit, e.g., it displays the area on the monitor screen or on the print- 
out. 
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[0032] The Leaf-Position-Correction-Unit is a function of the software to correct the leaf 
positions of the area where the calculated motion speed (or acceleration) exceeds the limit, in 
order for the leaf motion speed (or acceleration) to be equal to or less than the limit. 

[0033] According to the present invention, the RTP machine restricts the MLC leaf motion 
speed and acceleration within the limit or displays the area where the motion exceeds the limit 
and warns the operator. Accordingly, when the linac actually treats a patient, it is possible to 
prevent a dosage distribution different to that the treatment plan because of the MLC leaf 
positioning error and it is possible to prevent the linac from stopping as a result of detecting the 
error and de-activating itself. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] Fig. 1 is a trace of a pair of the leaves from the gantry rotation start angle to the end 
angle in conformal therapy according to the present invention. 

[0035] Fig. 2 is an enlarged view at start point 15 of area 14 in Fig. 1. 

[0036] Fig. 3 is an enlarged view at intersection 17 in Fig. 1. 

[0037] Fig. 4 is an example where the acceleration limit control is applied to intersection 17 in 
Fig. 1. 

[0038] Fig. 5 is a trace of a pair of the leaves during radiation with IMRT sliding window 
method according to the present invention. 

[0039] Fig. 6 is a perspective view of a linac. 

[0040] Fig. 7 is a perspective view of a multileaf collimator. 

[0041] Figs. 8 A and B are sectional views representing the radiation field on the isocenter plane 
formed by the MLC. 

[0042] Fig. 9 illustrates how the radiation field shape of conformal therapy changes during the 
gantry rotation. 

[0043] Fig. 10 illustrates the radiation field shapes by the MLC of the step-and-shoot method. 
[0044] Fig. 11 illustrates the MLC radiation field shape of the sliding window method. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0045] The following embodiment is described as an example of conformal therapy. Conformal 
therapy is a method to continuously irradiate while a gantry rotates and an MLC changes. For 
conformal therapy, MLC leaf positions are usually calculated from projected contours which are 
extracted from the CT images in two dimensions seen from the gantry angle of the rotation with a 
certain width of margin processing. While the gantry is rotating and irradiating, the shape of the 
cancer (target) at the gantry angle changes continuously, the leaves are moved to fit the changes. 
For a conformal therapy plan, the leaf positions are usually generated with each two degrees of 
the gantry angle and the leaf position's resolution is generally 1 mm. For conformal therapy, 
rotation of the gantry means elapse of time, namely, changing angle means passing time. The 
time series leaf positions are generated by the Multileaf-CoUimator-Position-Calculation-Unit, 
and this Multileaf-Collimator-Position-Calculation-Unit is conventionally and publicly known in. 

[0046] The RTP machine of the present embodiment includes a Motion-Speed-Calculating- 
Unit, a Motion-Speed-Limit-Inputting-Unit, a Motion-Display-Unit, a Leaf-Position-Correction- 
Unit, a Motion-Acceleration-Calculating-Unit and a Motion-Acceleration-Limit-Inputting-Unit in 
addition to a Multileaf-Collimator-Position-Calculation-Unit. The leaf speed limit of the linac is 
input at the Motion-Speed-Limit-Inputting-Unit. The leaf acceleration limit of the linac is input at 
the Motion-Acceleration-Limit-Inputting-Unit. 

[0047] Fig. 1 shows a trace of a pair of the leaves from the gantry rotation start angle to the end 
angle in conformal therapy. In the drawing, reference number 11 indicates a curve of a leafs 
trace in conformal therapy, and reference number 12 indicates a curve of an opposite of the leafs 
trace in conformal therapy. An MLC consists of a number of leaf pairs; a leaf pair consists of two 
leaves. Curve 11 and curve 12 represent the traces of each leaf of the leaf pair. The leaf speed is 
the difference of the leaf positions (gradient of curve 11 and curve 12) between a certain time 
interval (in each two degrees), and the leaf acceleration is the difference of the speeds between a 
certain interval (in each two degrees). The Motion-Speed-Calculating-Unit calculates motion 
speed of the individual leaves based on the time series leaf positions (corresponding to curve 11 
and curve 12) generated by the Multileaf-Collimator-Position-Calculation-Unit. The Motion- 
Acceleration-Calculating-Unit calculates the motion acceleration of the leaves based on the time 
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series leaf positions (corresponding to the curve 11 and curve 12) generated by the Multileaf- 
Collimator-Position-Calculation-Unit. 

[0048] The following section describes the Leaf-Position-Correction-Unit. The Leaf-Position- 
Correction-Unit compares the leaf motion speed (or acceleration) which is calculated by the 
Motion-Speed(Acceleration)-Calculating-Unit with the preset limit, and when the leaf motion 
speed (or acceleration) exceeds the limit, the Leaf-Position-Correction-Unit controls the leaf 
positions in order to be equal to or less than the limit. 

[0049] In Fig. 1, reference (a) is a dotted line of a case which opens the leaf, reference (b) is a 
dotted line of a case which closes the leaf, reference number 14 is an area where the leaf speed 
exceeds the limit, reference number 15 is a start point of the area where the leaf speed exceeds 
the limit, reference number 16 is an end point of the area where the leaf speed exceeds the limit, 
and reference number 17 is an intersection of the dotted line (a) and curve 11. It is assumed that 
curve 11 and curve 12 have 2 degrees and 1 mm resolution. The drawing shows the clockwise 
gantry rotation from 1 80 degrees as the lowest point to 1 80 degrees passing through 0 degrees as 
the highest point. On curve 11, there is area 14 where the leaf speed exceeds the limit around 0 
degrees. The dotted line (a) shows an example where the leaf position correction starts from start 
point 15 of area 14 toward the direction to open the leaf compared with the position before the 
correction, and the dotted line (b) shows an example where the correction starts from end point 
16 of area 14 toward the direction to close the leaf. In general, when there are no critical organs 
near the organ having cancer to be irradiated, the correction to close the leaf may cause 
insufficient dosage of irradiation, therefore the correction to open the leaf is preferable. When 
there is a critical organ near the cancer, the condition determines which correction would be more 
preferable, to open or to close. 

[0050] Fig. 2 is an enlarged view at start point 15 of area 14 in Fig. 1. In this drawing, 
reference number 21a indicates a point next to start point 15, reference number 21b indicates a 
point next to start point 15 after the correction, 22a is a point next to 21a, and 22b is a point next 
to 21b after the correction. The leaf motion speed limit is generally 2 to 9 mm per 2 degrees and 
the value depends on the linac. The present embodiment is an example where the leaf motion 
control uses 2 mm per 2 degrees as the leaf motion speed limit. Symbols O in the drawing are 
leaf positions corresponding to the curve 11 in Fig. 1, and symbols A are leaf positions when the 
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motion control is applied, and corresponds to the dotted line (a) in Fig 1. The leaf motion 
distance from start point 15 to point 21a is 3 mm. This value exceeds the motion limit of 2 mm, 
and motion control is applied at point 21b. Wherein the motion distance from start point 15 is 
limited to 2 mm. Point 22a is compared with point 21b, and since the accumulated difference is 
5 mm, this point is controlled in order for the difference to be equal to or less than 2 mm and 
moved to point 22b. This operation is sequentially applied to each point, thereby the dotted line 
(a) in Fig. 1 is eventually obtained. 

[0051] Fig. 3 is an enlarged view at intersection 17 in Fig. 1. The corrected leaf positions 
represented by A are intersecting at point 17. The motion distance control processing ends for 
this area at this intersection. 

[0052] Fig. 4 is an example where the acceleration limit control is applied of intersection 17 in 
Fig. 1. In the drawing, reference number 41 indicates the speed from the preceding point at 
intersection 17, reference number 42 indicates the speed to the following point at intersection 17, 
reference number 43 indicates the speed at which the acceleration limit control is applied to the 
speed indicated at reference number 41, reference number 44 indicates the speed at which the 
acceleration limit control is applied to the speed indicated at reference number 42, and reference 
number 45 indicates the leaf position at which the acceleration limit control is applied to 
intersection 17. In the present embodiment, it is assumed that the acceleration limit is 2. Since 
the speed indicated at reference number 41 is -2, and the speed indicated at reference number 42 
is 1, the acceleration at intersection 17 is the difference between them, 3. Since a leaf is usually 
made of metal and has considerable weight, the direction of motion cannot be changed quickly 
due to the inertia. The output of the driving motors have a torque limit in addition to a revolution 
speed limit, and the motion of the leaf at intersection 17 could be a cause of a positioning error. 

[0053] The following section describes an acceleration limit control processing. 

[0054] The Motion-Acceleration-Calculating-Unit calculates leaf motion acceleration based on 
the time series leaf positions which are generated by the Multileaf-Collimator-Position- 
Calculation-Unit (corresponding to curve 11 and curve 12) and corrected by the Leaf-Position- 
Correction-Unit (corresponding to the dotted line (a) or (b)). The Leaf-Position-Correction-Unit 
corrects the leaf positions when the leaf motion acceleration exceeds the limit. In this case, since 
the acceleration at intersection 17 exceeds the limit, the speed indicated at reference number 41 
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and the speed indicated at reference number 42 at intersection 17 are both corrected with the 
same value to decrease the difference between them. In the present embodiment, the speed 
indicated at reference number 41 is corrected to the speed indicated at reference number 43, and 
the speed indicated at reference number 42 is corrected to the speed indicated at reference 
number 44 by a factor of 1 for each. Based on the equation that speed x distance = position and 
to maintain the continuity of the positions, the summation of the corrected areas should be 0 
(zero). In this case, the area from reference number 41 to reference number 43 and the area from 
reference number 42 to reference number 44 are equal with opposite direction, therefore they 
cancel each other out, and the summation of the areas becomes 0 (zero). As a result of the leaf 
position correction, the operation moves point 17 to point 45 and makes the acceleration at point 
45 to a factor of 1 which is equal to or less than the acceleration limit. The described section is 
an operation to apply to a pair of leaves, the described operations are applied to other MLC 
leaves to calculate speed and acceleration and to correct leaf positions. While in the present 
embodiment, the motion speed (acceleration) limit is an input parameter by the operator, it is also 
possible to comprise a Motion-Speed(Acceleration)-Limit-Setting-Unit which provides the 
parameter as the linac own value (written in the parameter list) or to comprise a fixed parameter 
in the program. 

[0055] The method to correct the leaf positions in the case of excessive speed or excessive 
acceleration in the present embodiment is simply an example, and it should be noted that 
different methods could be adopted. 

[0056] The following section describes an example of IMRT sliding window method. 

[0057] Fig. 5 shows motion of a pair of leaves during irradiation with IMRT sliding window 
method. In the drawing, reference number 51 indicates a curve of a leafs trace with the sliding 
window method, reference number 52 indicates a curve of the opposite leaf s trace with the 
sliding window method, reference (a) is a dotted line of a case which opens the leaf, and 
reference (b) is a dotted line of a case which closes the leaf. With the sliding window method, 
the leaves move and the radiation field shape changes during irradiation. Since there is an area 
where the motion distance exceeds the limit around the center of the drawing, the leaf positions 
are corrected to the dotted lines (a) and (b) by the Leaf-Position-Correction-Unit. The condition 
determines which correction would be more preferable, to open or to close. 
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[0058] In place of the Leaf-Position-Correction-Unit of the present embodiment, or along with 
the Leaf-Position-Correction-Unit, it is possible to comprise a Motion-Display-Unit. The 
Motion-Display-Unit shows the information of the area where the motion speed (acceleration) 
calculated by the Motion-Speed(Acceleration)-Calculating-Unit exceeds the speed (acceleration) 
limit. As an example, the speed (acceleration) which exceeds the limit can be indicated on the 
display with the gantry angles. Similarly, a chart like Fig. 1 can be displayed (e.g. area 14 where 
the speed exceeds the limit is a red line, and the other areas are black lines). By using this 
information to warn the operator, it is possible to adjust the irradiation parameter to avoid a 
warning arising. As described in the present embodiment, by using the irradiation data for linacs 
generated by the RTP machine according to the present invention, it is possible to prevent the 
suspension of treatment due to an MLC positioning error, which exceeds its tolerance, thereby 
making it possible to improve the efficiency of the radiation therapy and to decrease the patient's 
discomfort. 
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